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Abstract  
The article reports on a study to establish and identify key components which addressed to slip and fall factors. This paper aimed 
at determining leading factors of slip-fall incidents and ranked the factors. A survey was done using a sample of 100 
manufacturing workers in manufacturing companies in Malaysia. Exploratory Factor Analysis (EFA) has been chosen to evaluate 
the manufacturing workers perceptions in determining slip-fall leading factors at their own workplace. In this analysis, Principle 
Components Analysis (PCA) with Varimax rotation method was used. 25 items for slip-fall factors were identified after EFA 
where the variables consists i) footwear factor (3 items), ii) contaminant factor (4 items), iii) flooring factor (3 items), iv) 
cleaning factor (4 items), v) environment factor (4 items), vi) individual factor (4 items) and vii) perception of risk (3 items). All 
the questions were generated based on manufacturing workers perception on slip-fall factors. This finding is important to further 
study the influence of these factors to the workers in any other industry or workplace. 
 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015. 
Keywords:Slip; Fall; Exploratory Factor Analysis; Safety; Manufacturing industry 
 
 
*Corresponding author at Faculty of Mechanical Engineering, UniversitiTeknologi Malaysia, 81310 UTM Skudai, Johor, Malaysia.  
Tel.: +60-7-5557065; fax: +60-7-5557097. 
E-mail address:jafri@fkm.utm.my 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015
264   Norazrin Azwani Ahmad et al. /  Procedia Manufacturing  2 ( 2015 )  263 – 267 
1. Introduction 
Manufacturing sector has been important sector to Malaysian economy where it became the major sector in 
creating employment opportunities. In year 2010, an increasing of employment in this sector has been increased to 
27.8 percent [1]. Malaysian workplace related accidents are increasing with worrying trend since 59,897 cases 
reported in 2011 compared by year 2012 with 61,552 cases as published by Social Security Organisation (SOCSO) 
in their yearly report. In addition, manufacturing industry recorded 16,145 cases from total 63,557 cases reported in 
year 2013 [2]. The current condition also been supported by Department of Occupational Safety and Health (DOSH) 
yearly statistic of workplace until December 2014 which involve 10 sectors of industry; manufacturing, mining and 
quarrying, construction, agriculture, forestry and fisheries, facilities, transportation, storage and communication, 
wholesaling and retailing, hotels and restaurants, finance, insurance, real estate and service and civil service. 
Manufacturing sector recorded highest number of workplace accident with 1,667 cases. From that, 45 victims’ death, 
1,510 victims face non-permanent disability and balance 112 victims become permanent disability [3].  
Based on body of knowledge, most of the researchers have generally used survey, interviews and secondary data 
analysis for measuring the perception of slip and fall related study [4,5,6,7,8,9]. Kemmlert et al use database analysis 
to investigate the STF factor and it prevention. They reported that older workers face more STF accidents than 
younger where STF factor also been differed based on type of occupation. Prevention also must be implemented 
fairly among younger and older people [4]. On the other hand, Courtney et al use survey as their method of data 
collection highlighted that a strong associated relationship between perception of slipperiness and subsequent rate of 
slipping been discovered in their study [5].  
Bourque et al in their study on prevalence of fall incident, annual rate and the characteristic of the fallers by using 
survey has come out with a conclusion that inconsistent relationship between age and self-perceived health status of 
fallers and expectation [6]. Courtney et al stated that visible contamination on workers shoe sole are associated with 
worker reporting slippery condition where worker over age 45 years are not perceive with slipperiness [7]. In 
addition, Haslam et al in his study on STF accidents among postal delivery workers, the interaction factors between 
unsuitable and worn footwear with unsafe time-saving behavior has been proved involved 50% of accidents where 
the primary risk was detected because of slippery underfoot condition footwear [8]. Li et al in his study by direct 
measurement using measuring device has come out with a conclusion that friction significantly affected by floor tile, 
footwear material and contaminants on the floor where the coefficient of friction (COF) is varied when there are 
different sole materials and floor were used [9]. 
The aim of this paper is to measure the perception of the slip-fall factors and rank the leading factors. Level of 
safety awareness among Malaysian manufacturing workers can be identified by knowing these factors and 
prioritizing it. This may help concerned parties to play their roles for prevention purpose.  
 
2. Method 
In order to collect the information on the perception study based on leading factors of slip and fall incidents in 
Malaysian manufacturing industry, we developed a questionnaire survey. The survey was created to address and 
investigate the slip and fall factors issues which included section on footwear factor, contaminant factor, flooring 
factor, cleaning factor, environment factor, environment factor, individual factor and perception of risk factor. These 
factors have been choosing based on review from previous study on factors that will initiate slip and fall incidents. 
In this study, we used Likert scales because it is common especially in opinion survey and numerous other fields 
[10]. The survey being divided into two main sections which are demographic section and slip and fall factors 
section. The second section questioned the respondents on their perception on slip and fall factors.  By using five-
point likert scale, participants were asked to respond to those items. (1=strongly disagree, to 5=strongly agree) 
100 completed survey form participated by manufacturing workers from various manufacturing industries were 
received. According to previous research, this number of response is sufficient and accepted [11,12] 
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3. Result 
3.1. Exploratory Factor Analysis (EFA) 
EFA was conducted along with the principal component and Varimax rotation where Kaiser-Meyer-Olkin 
(KMO) was important to verify the sampling adequacy. The factors with eigenvalues higher than 1.0 being selected 
and loading items with greater than 0.4 being accepted [13]. The EFA can become an option if the researchers have 
measurement on a set of variables and need some idea regarding the inter-correlation among the variables [14]. EFA 
was done on the 30 items of slip and fall factors.  
After deleting items that has low reliability and factor loading, 25 items were identified to be appropriate in the 
analysis. The KMO for slip and fall was 0.701 which it indicated that patterns of correlation is mediocre and 
accepted [15] with factor loading values ranging from 0.345 to 0.930.The Bartlett Test of Sphericity reached 
statistical significance with χ2(435)=1325, p<0.0001 indicating correlation between the items were sufficient for 
Principle Component Analysis (PCA)[15]. The seven factors solution explained a total of 59.809% of the variance, 
with factor 1 contributing 6.025%, factor 2 contributing 7.333% and factor 3 contributing 5.176%. Factor 4 
contributing 9.039%, factor 5 contributing 10.161% while factor 6 contributing 9.471%. However, factor 7 
contributing the highest with 12.605%.  
 
3.2. Cronbach’s Alpha 
Reliability can be assessed using internal consistency called Cronbach’s alpha for each domain of the 
questionnaire to verify inter-relatedness of the items within the test [16]. In reliability analysis, α values ranged from 
0.673 to 0.894 were considered reliable and having high internal consistency for seven-factor slip and fall incidents 
[15].   
 
4. Discussion 
Based on results, seven crucial factors relating slip and fall incidents in Malaysian manufacturing industry were 
ranked: 1) perception of risk factor, 2) environment factor and 3) individual factor, 4) cleaning factor, 5) 
contaminant factor, 6) footwear factor and 7) flooring factor. 
Slip and Fall Factor 1: Perception of Risk 
Many researchers have proved the purpose of perception of risk [5-9] in identifying slip and fall hazard and it 
potential to initiate an accidents. In this study, we found that experienced workers often ignore safety in their 
workplace where the attitude of too confident becomes one of the factors. However, new workers might have 
difficulties and can easily involve in slip-fall incidents if they cannot adapted with their new working environment 
and condition. So, management or employer should play a role since poor perception of risk and prevention in 
management became the main reasons the accidents unavoidable [17]. Good safety management system could give 
better safety culture in an organization [22-27]. 
 
Slip and Fall Factor 2: Environment 
 
In this study, environment factor might include the temperature, glare, lighting, noisy and unpleasant condition in 
the working area. Many researchers have used noisy and poor lightning in their experiment approach to simulate 
environment factor in their procedure to reduce awareness with slippery or hazard condition during experiment 
preparation [17-19]. Hence, it proved that this factor might contribute in influencing slip-fall incident and the 
workers should aware with any hazard around them.  
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Slip and Fall Factor 3: Individual  
 
Individual factor that being considered in this study were individual or personal issues such as health condition, 
human mistake, behavior, stress management and so on [32]. Poor stress management and tiredness become the 
main issue in this factor. Time of the day might have a relationship with workers who involve in slip-fall incident 
[17].  
 
Slip and Fall Factor 4: Cleaning 
 
During cleaning process, workers agreed that caution sign must be displayed and fenced off until dry to increase 
the awareness and it became the important action that must be practiced. Previous study also has proved that 
inadequate cleaning or drying is one of underlying issue of slip and fall where this factor gives most injury severity 
to the victims [17].  
 
Slip and Fall Factor 5: Contaminant 
 
In this study, we found that most of the respondents agreed that all spills must wipe up promptly. Contaminant 
factor is important since it becomes one of the slip-fall induced [18, 19, 20, 29, 30]. Hence, workers must be alert 
with their working area and ensure no contaminant been on the floor.  
 
Slip and Fall Factor 6: Footwear 
 
Wearing unsuitable shoes in workplace must be avoided. Type of job, floor surface, typical floor conditions in 
industry and suitable sole material should be considered by workers [21, 28, 31]. Hence, workers should be more 
sensitive with what they are wearing in workplace to protect themselves from any hazard.  
 
Slip and Fall Factor 7: Flooring 
 
Most of the respondents agreed that slippery floor might cause a person to slip [19]. Floor condition should be 
checked regularly and maintained if required. In addition, suitability of floor surface with working condition should 
be considered [21,29]. Hence, employer should provide suitable flooring in their workplace to ensure their worker’s 
safety.  
 
5. Conclusion 
Based on this paper, seven leading factors that will have significant effect to initiate slip and fall incidents have 
been identified and ranked. This finding is important to show that perception of risk factor among the employee 
should be emphasized. Further work can be considered to confirm this kind of survey by using NORDIC 
questionnaire and analyze using Confirmatory Factor Analysis (CFA) in order to study the influence of these factors 
to the workers in any other industry or workplace. 
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